Human HDR (hypoparathyroidism, deafness and renal dysplasia)-syndrome is caused by haploinsufficiency of zinc-finger transcription factor GATA3. The hearing loss due to GATA3 haploinsufficiency has been shown to be peripheral in origin, but it is unclear to what extent potential aberrations in the outer hair cells (OHCs) contribute to this disorder. To further elucidate the pathophysiological mechanism underlying the hearing defect in HDR-syndrome, we investigated the OHCs in heterozygous Gata3-knockout mice at both the functional and morphological level. While the signal-to-noise ratios of distortion product otoacoustic emissions (DPOAE) in wild type mice did not change significantly during the first half-year of live, those in the heterozygous Gata3 mice decreased dramatically. In addition, both light microscopic and transmission electron microscopic analyses showed that the number of OHCs containing vacuoles was increased in the mutants. Together, these findings indicate that outer hair cell malfunctioning plays a major role in the hearing loss in HDR-syndrome. D
Introduction
In 1992, HDR-syndrome was first described as a new clinical entity, comprising hypoparathyroidism, deafness and renal dysplasia (Bilous et al., 1992) .
The sensorineural hearing loss in HDR patients can be both symmetric or asymmetric, and as tested by auditory brainstem response (ABR), conditioned orientation reflex tests or pure tone audiometry, it ranges in level from 40 dB to 105 dB (Bilous et al., 1992; Fujimoto et al., 1999; Hasegawa et al., 1997; Lichtner et al., 2000; Muroya et al., 2001) . Although it is clear that hearing loss in HDR is usually somewhat more severe at the higher end of the frequency spectrum (Lichtner et al., 2000; Muroya et al., 2001) , no systematic audiometric evaluation has yet been made, and the exact pathophysiological mechanism causing the hearing defect remains largely unknown. Genetically, HDR-syndrome is caused by haploinsufficiency of zinc finger transcription factor GATA3 (Van Esch and Bilous, 2001; Van Esch and Devriendt, 2001; Van Esch et al., 2000) , which in mice is essential for development of several tissues and organs including the lymphatic system, the sympathetic nervous system, brain, kidney, jaw and inner ear (Lim et al., 2000; Pandolfi et al.; 1995 , Pata et al., 1999 Ting et al., 1996; van Doorninck et al., 1999; Zheng and Flavell, 1997) . During development, human and murine GATA3 is prominently expressed in virtually all cell types of the inner ear including inner hair cells (IHCs), outer hair cells (OHCs) and supporting cells as well as in various cell types of the central auditory system including neurons in the superior olive and inferior colliculus (Debacker et al., 1999; Karis et al., 2001; Lawoko-Kerali et al., 2002; Rivolta and Holley, 1998; van der Wees et al., 2004; van Doorninck et al., 1999) .
In line with HDR-syndrome in humans, heterozygous Gata3 mice show an elevation in their Auditory Brainstem Responsethresholds. Thresholds are elevated by approximately 30 dB, while no interpeak latency differences can be found. In addition, Gata3
